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(54) Chemically active fire suppression composition 

(57) The invention is directed to a chemically active 
fire suppression composition, comprising a propeilant 
comprising a fuel and an oxidizer, the propeilant capa- 
ble of generating inert gas; and an environmentally 
innocuous chemical fire suppressant capable of gener- 
ating fire suppressive reactive species The combina- 
tion of physically acting fire suppression agents and • 
chemically acting, environmentally innocuous fire sup- 
pression agents results in a highly effective, environ- 
mentally innocuous fire extinguishing composition that \0 
has low ozone depletion potential (ODP), low global w 
warming potential (GWP), and high suppression effi- 
ciency. 
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Description 

[0001 ] The invention relates to fire suppression com- 
positions, and more particularly to fire suppression 
compositions that are environmentally innocuous, and s 
that act both physically and chemically to extinguish 

fires. 

[0002] Halogen-containing agents, such as Halon 
1211 (brornochlorodifluoromethane, CF 2 BrCQ and 
Halon 1301 (trifluorobromomethane, CF 3 Br) have been w 
utilized as effective fire suppression agents for many 
years. These fire suppression agents generate chemi- 
cally reactive halogen radicals which interfere with the 
combustion process, and provide an important advan- 
tage to the fire extinguishing capability of Halons. How- is 
ever, certain halogen-containing fire suppression 
agents, such as Halon-1301, contribute significantly to 
the destruction of stratospheric ozone in the atmos- 
phere. Halon 1301 is a volatile compound and upon 
high altitude photolysis, Halon 1301 forms reactive zo 
chemical radicals that react with ozone (0 3 ) to produce 
oxygen (O2): 

CF 3 Br + hv CF 3 '+Br- 

Br« +0 3 BrO»+C>2 

BrO-+0 3 Br*+2 0 2 2s 
[0003] In order to reduce stratospheric ozone deple- 
tion caused by Halons, nearly all commercially available 
fire suppression agents that are designed today are 
"physically acting" agents In other words, these fire 
suppression agents use physical properties rather than 30 
chemical properties to suppress fires. Examples of 
physically-acting fire suppression agents include inert 
gases such as carbon dioxide (COz), water vapor (H 2 0) 
and nitrogen (Ny. When applied to a fire, these inert 
gases physically displace oxygen from the combustion 35 
region while simultaneously serving as a heat sink to 
reduce the temperature of the combustion zone. The 
combination of these two physical actions results in 
extinction of the fire. An example of this type of fire sup- 
pression agent is U.S. Patent 5.423,384, to Qalbraith et <o 
al. which describes an apparatus that delivers liquid and 
solid fire suppression agents such as water vapor, car- 
bon dioxide, and nitrogen gas. 
[0004] Unfortunately, physically-acting fire suppres- 
sion agents are less efficient than chemically-acting fire 45 
suppression agents. Accordingly, larger quantities of 
physiaally-acting fire suppressant are required in order 
to extinguish fires. Consequently, bulky equipment and 
larger storage containers must frequently be used in 
conjunction with physically-acting fire suppression so 
agents. The bulky nature of this equipment is a disad- 
vantage in certain applications where space is limited, 
such as military or civilian aircraft or ground vehicle 
engine bays, spacecraft, or military or civilian aircraft 
drybays. & 
[0005] Solid propellant formulations similar to those 
used in rocket engines and automotive airbags have 
recently found new applications as physically-acting fire 



suppression agents. The gases formed from solid pro- 
pellant-based fire suppression agents offer advantages 
such as low ozone depletion potential (ODP), and low 
environmental impact For example, solid propellant 
compositions based on sodium azide fuel and inorganic 
oxidizers generate nearly pure inert nitrogen gas. Simi- 
larly, azide-free formulations offer improved efficiencies 
for production of large volumes of chemically inert gas 
mixtures with minimal levels of noxious gases. In addi- 
tion to these advantages, solid propellants are capable 
of generating large amounts of chemically inert gases 
(mainly C0 2 , ^O) from relatively small amounts of 
solid materials. Thus, the effective storage density for 
such fire suppression agents is high. However, as indi- 
cated above, such systems generally suffer from 
reduced efficiency due to heavy reliance upon physical 
fire suppression activity rather than the more efficient 
chemical fire suppression activity. 
[0006] Additional fire extinguishing materials and 
methods are known in the art, many of which are 
directed to physical methods of extinguishing fires. For 
example, US. Pat No. 4,601,344 to Reed et al. 
descrfces a fire extinguishing method that utilizes a gas 
generating composition comprising glycidyl azide poly- 
mer and a high nitrogen content solid additive, such as 
guanylaminotetrazole nitrate, bis(triaminoguanidium)- 
S^'-azotetrazole, ammonium 5-nitroaminotetrazole, 
and high bulk density nrtroguanidine. 
[0007] U.S. Pat. 5,520.826 to Reed et al. discloses a 
fire extinguishing method that utilizes a gas generating 
composition comprising glycidyl azide polymer, an 
azido plasticizer, a high nitrogen content solid additive, 
and the potassium salt of perf luorooctanoic acid. Aro- 
matic bromine additives may be added to the composi- 
tion as a chemical fire suppressant; however, such 
additives are hazardous to human health and the envi- 
ronment 

[0008] U.S. Pat. No. 5,423,385 to Baratov et al. 
descrfoes formulations of fire extinguishing aerosols 
which include an oxidant and a reducing agent The 
compositions of these aerosols extinguish fires using a 
combination of heat absorption and chemical interac- 
tion. 

[0009] U.S. Patent 3,922,820 to Filter et al. describes 
a fire extinguishing composition that comprises a halo- 
gen-containing fire extinguishing agent, an oxidizer, and 
a binder. However, the organic species that are gener- 
ated are typically considered carcinogenic and environ- 
mental health hazards. 

[001 0] Accordingly, what is needed in the art is a fire 
suppression composition that provides the benefits of 
both physical fire suppression and chemical fire sup- 
pression, and that is environmentally innocuous. The 
present invention is believed to be an answer to that 
need. 

[0011] In one aspect, the invention is directed to a 
chemically active fire suppression composition, com- 
prising a propellant comprising a fuel and an oxidizer, 
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the propellant capable of generating inert gas; and an 
environmentally innocuous chemical lire suppressant 
capable of generating fire suppressive reactive species. 
10012] In another aspect, the present invention is 
directed to a chemically active fire suppression compo- s 
sition, comprising a propellant comprising a fuel and an 
oxidizer, the fuel comprising from about 10 to about 
50% by weight of the composition, the oxidizer compris- 
ing from about 20 to about 90% by weight of the compo- 
sition, the propellant capable of generating inert gas; 10 
and an environmentally innocuous chemical fire sup- 
pressant capable of generating fire suppressive reactive 
species, the environmentally innoucuous chemical fire 
suppressant selected from the group consisting of 
potassium iodide, potassium bromide, sodium chloride, is 
lithium chloride, potassium iodate, potassium nitrate, 
potassium bromate, sodium nitrate, lithium perchiorate, 
ammonium nitrate phase-stabilized with potassium 
nitrate (AN/KN), alkali bromides, alkali borates, alkali 
sulfates, and combinations thereof, the chemical fire 20 
suppressant comprising from about 5 to about 40% by 
weight of the total composition. 
[0013] In another aspect, the present invention is 
directed to an apparatus useful with the composition of 
the invention. 25 
10014] In another aspect, the present invention is 
directed to an apparatus for suppressing a fire, compris- 
ing (a) a first container containing a propellant compris- 
ing a fuel and an oxidizer, the fuel comprising from 
about 1 0 to about 50% by weight of the composition, the 30 
oxidizer comprising from about 20 to about 90% by 
weight of the composition, the propellant capable of 
generating inert gas; (b) a second container connected 
to the first containier by a passageway, the second con- 
tainer containing a coolant and an environmentally 35 
innocuous chemical fire suppressant capable of gener- 
ating fire suppressive reactive species, the environmen- 
tally innoucuous chemical fire suppressant selected 
from the group consisting of potassium iodide, potas- 
sium bromide, sodium chloride, lithium chloride, potas- 40 
sium iodate, potassium nitrate, potassium bromate, 
sodium nitrate, lithium perchiorate, ammonium nitrate 
phase-stabilized with potassium nitrate (AN/KN), alkali 
bromides, alkali borates, alkali sulfates, and combina- 
tions thereof, the chemical fire suppressant comprising <s 
from about 5 to about 40% by weight of the total compo- 
sition; and (c) an outlet beween the second container 
and the fire. 

[0015] These and other aspect will be described in 
more detail in the following detailed description of the so 
invention. 

[0016] The invention will be more fully understood 
from the following detailed description taken in conjunc- 
tion with the accorrpanying drawings in which: 

55 

Fig. 1 is a schematic diagram of an apparatus use- 
ful with the composition of the invention; and 
Fig. 2 is a schematic diagram of another apparatus 



useful with the composition of the invention. 

[001 7] The invention is directed to a fire suppression 
composition which is a combination of physically-acting 
and chemically-acting fire suppression agents. The 
physically-acting fire suppression agent is a propellant 
which produces large amounts of inert gas that blankets 
the fire and reduces the combustion temperature. The 
chemically-acting fire suppressive agent is a fire-sup- 
pressive reactive species which suppresses combus- 
tion reactions in a f ire. The combination of inert gases 
and fire suppressive reactive species has surprisingly 
been found to result in a significant enhancement in fire 
suppression capability and efficiency over a physically- 
acting agent or a chemically acting agent individually. In 
addition, the fire suppressive reactive species of the 
present invention are environmentally inncuous and do 
not contribute to the destruction of the ozone layer. The 
fire suppression compositions of the invention display 
high fire suppression efficiencies on both mass and vol- 
ume bases, and therefore smaller amounts of fire sup- 
pression composition are required for flame extinction. 
Gains in fire suppression efficiencies can exceed 50%, 
resulting in lower levels of agent required for flame 
extinction. 

[001 8] As indicated above, the fire suppression com- 
positions of the invention are combinations of (1 ) one or 
more physically-acting fire suppression agents, and (2) 
one or more chemically-acting fire suppression agents. 
[001 9] The physically-acting fire suppression agent is 
preferably a propellant which produces large amounts 
of inert gases such as carbon dioxide (C0 2 ), nitrogen 
(N 2 ), and water vapor (H 2 0) when ignited. Such propel- 
lants useful in the composition of the invention generally 
comprise energetic fuels in combination with oxidizers. 
Exemplary energetic fuels include 5-aminotetrazole or 
potassium, zinc, or other salts thereof, b'rtetrazole or 
potassium, zinc or other salts thereof, diazoaminotetra- 
zole or potassium, zinc, or other salts thereof, diazo- 
tetrazole dimer and its salts, guanidine nitrate, 
aminoguanicBne nitrates, nitroguanidine, triazoles (e.g., 
5-nitn>1 ,2,4-triazol-3-one), triaminoguanidinium, 
diaminoguanidinium, and combinations thereof. Exem- 
plary oxidizers include alkali metal nitrates (e.g., 
NaN0 3 ), alkaline earth nitrates (e.g., Sr(N0 3 ) 2 , phase- 
stabilized ammonium nitrates (PSAN), perchlorates, 
iodates, and bro mates. 

[0020] The fuel component of the composition prefer- 
ably comprises from about 5 to about 50% by weight of 
the total composition, and more preferably from about 
1 0 to about 35% by weight of the total composition. The 
oxicfizer component of the composition preferably com- 
prises from about 20 to about 90% by weight of the total 
composition, and more preferably, from about 25 to 
about 50% by weight of the total composition. The rela- 
tive amounts of fuel and oxicfizer in the propellant range 
from about 30% fuel and 70% oxidizer, to about 70% 
fuel to about 30% oxidizer, all based on the total weight 
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of the propellant 

[0021 J The propellant component of the fire suppres- 
sion composition of the invention generates large 
amounts of inert gases which function to physically 
extinguish the fire by the combined effects of straining 
the burning flame front, displacing oxygen available for 
combustion, and reducing the heat of the combustion 
source. According to the invention, approximately about 
40-100 grams of inert gases can be produced from 
approximately 1 00 grams of solid propellant. The gener- 
ated inert gases act as a carrier for the pyrotechnically 
generated chemically reactive species produced on 
combustion of the chemically-acting fire suppression 
component described in detail below. 
[0022] The chemically-acting fire suppress' 0 " a 9 en * is 
generally a chemical that generates environmentally 
innocuous fire suppressive reactive species that disrupt 
combustion processes. The chemically-acting fire sup- 
pression agent may be an agent that itself has fire sup- 
pressive properties, such as potassium iodide, 
potassium bromide, sodium chloride, and lithium chlo- 
ride. Upon combustion of the propellant and oxidizer, 
the chemically-acting fire suppression agent is vapor- 
ized and swept into the fire by the gas stream. 
[0023] Alternatively, the fire suppressive reactive spe- 
cies may be formed pyrotechnically from a secondary 
oxidizer. The high temperatures associated with com- 
bustion of the propellant component transforms the 
chemically-acting fire suppressive agent into small par- 
ticles of fire suppressive reactive species that assist in 
extinguishing the fire. These small particles have diam- 
eters of 30 micrometers or less and result in a large sur- 
face area of chemically reactive species that quickly 
disrupts the combustion process. The large surface 
area and great fire suppressive activity of the chemically 
reactive particles contributes to significant mass-effi- 
ciency of solid propellant systems used for fire suppres- 
sion. One preferred secondary oxidizer is potassium 
iodate (KIO3) which generates potassium iodide (Kl) 
pyrotechnically upon combustion. Additional agents that 
form fire-suppressive reactive species pyrotechnically 
include potassium nitrate, potassium bromate, sodium 
nitrate, lithium perchlorate, ammonium nitrate phase- 
stabilized with potassium nitrate (AN/KN), alkali bro- 
mides such as potassium bromide, alkali borates such 
as potassium borate, and alkali sulfates such as potas- 
sium sulfate. When combusted, these compounds 
result in pyrotechnic generation of K 2 C0 3 , Na2C0 3 , or 
halide salts such as KBr, Kl, NaCl, LiCl which are supe- 
rior fire suppressants. 

[0024] The above chemically-acting fire suppressive 
agents offer several advantages over the halon-based 
fire suppressive chemicals. Unlike Halons, the chemi- 
cally-acting fire suppressive agents are mainly environ- 
mentally innocuous salts which are not volatile. 
Accordingly, these chemically-acting fire suppression 
agents are not subjected to high artidude photolysis and 
therefore do not contribute to ozone destruction. Rather, 



heat generated on combustion of the propellant forms 
fire suppressive reactive species pyrotechnically which 
act locally to suppress the fire. Additionally, the fire sup- 
pressive reactive species generated on combustion in 
s the composition of the invention may be reformed to 
their environmentally innocuous parent salts. These 
salts may be washed away by rain or water applied by 
firefighting personnel. 

[0025] Potassium species are particularly useful as 
10 chemically-acting fire suppressive agents because they 
have been shown to possess significant levels of fire 
suppressive activity. Among the halides, iodide salts 
show the greatest efficiency at fire suppression 
because of the greater stability of their atomic radicals. 
is Without being bound by any particular theory, it is 
thought that on delivery to the fire zone, elevated tem- 
peratures cause thermal dissociation of the halide salts, 
e.g., 

Kl K-+I- 
20 [0026] The thermally-generated atomic radicals then 
combine with radical species present in the combustion 
reaction, thereby terminating or quenching the combus- 
tion process. 

[0027] The chemically-acting fire suppression agent of 
25 the composition preferably comprises from about 5 to 
about 50% by weight of the total composition, and more 
preferably from about 5 to about 30% by weight of the 
total composition. 

[0028] The composition may include other additives to 

30 enhance the fire suppression capability. Coolants, such 
as magnesium carbonate (MgCC>3) or magnesium 
hydroxide (Mg(OH) 2 ) may be added to further reduce 
the combustion temperature and enhance fire suppres- 
sion efficiency. Coolants preferably comprise from 

35 about 0 to about 40% by weight of the total composition, 
and more preferably from about 5 to about 35% by 
weight of the total composition. 
[0029] Optionally, binders such as thermoplastic rub- 
bers, polyurethanes, polycarbonates, polysuccinates, 

40 polyeihers, and the like may also be added to the com- 
position. Binders act to hold the active materials 
together when the propellant is in its finished form. Plas- 
ticizers and processing aids may also be added to the 
composition to enhance processing. Generally, binders, 

45 plasticizers, or processing aids are optionally present in 
the composition from about 0-15% by weight, based on 
the total weight of the composition. 
[0030] The composition results in production of fire 
suppressive agents that do not have an adverse impact 

so on the environment. The gases produced from the phys- 
ically-acting fire suppression component are all north- 
azardous, nonflammable, and comprise significant 
fractions of the natural atmosphere. The chemically-act- 
ing fire suppression component also produces nonhaz- 

55 ardous, water soluble species that do not destroy 
amospheric ozone. In addition, in the event of acciden- 
tal discharge, the chemically reactive species may be 
easily washed out of the atmosphere by norma) precipi- 
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tation. 

[0031] The combination of energetic fuel and oxidizer 
in the propeliant component of the composition advan- 
tageously allows for large amounts of inert gas to be 
produced from relatively small amounts of solid propel- 
iant material. As a result, more compact fire extinguish- 
ing device may be employed. Use of compact fire 
extinguishing devices is particularly desirabe in applica- 
tions where space is limited, for example automobiles, 
space vehicles, commercial or military aircraft or ships, 
submarines, or treaded vehicles such as tanks. Com- 
pact fire extinguishing devices may also be used in 
cargo spaces, closed electronic cabinets, paint or 
ammunition lockers, or any other confined space. 
[0032] The fire suppression composition of the inven- 
tion may be generally prepared by combining appropri- 
ate amounts of fuel, oxidizer, and chemically-acting fire 
suppressant along with optional ingredients such as 
coolants, binders, or plasticizers. These ingredients are 
mixed to produce a homogeneous blend of particles. 
The homogeneous blend may be compacted into pellets 
or compressed into a storage vessel of a fire extinguish- 
ing apparatus using conventional compaction tech- 
niques known in the art The composition of the 
invention may be used as a replacement for commer- 
cially available fire suppression agents that act exclu- 
sively as physically-acting agents or environmentally 
hazardous chemically-acting agents. 
[0033] Fig. 1 is a schematic diagram of a fire extin- 
guishing apparatus useful with the composition of the 
invention. As shown in Fig. 1 , the apparatus 10 includes 
a gas generator 12 and a passageway 14 attached to 
the bottom 22 of the gas generator 12. The chemically 
active fire suppression composition of the invention 16 
is placed in interior of the gas generator 1 2. In this par- 
ticular embodiment the chemically active fire suppres- 
sion composition 16 includes a propeliant made from a 
fuel and an oxidizer, and an environmentally innocuous 
chemical fire suppressant As described above, the pro- 
peliant generates inert gases to physically smother the 
fire, while the environmentally innocuous chemical fire 
suppressant generates fire suppressive reactive spe- 
cies upon combustion to extinguish the fire chemically. 
[0034] An electric initiator 1 8 is attached to the top of 
the gas generator 12 to ignite the chemically active fire 
suppression composition 16 when a fire is detected. 
After ignition, chemically-acting and physicafly-acting 
fire suppressive gases are generated inside the gas 
generator 12. As these gases are generated, pressure 
inside the gas generator 12 increases to a point at 
which the seal 20 attached to the bottom 22 of the gas 
generator 12 is broken and the fire suppressive gases 
are released onto the fire. 

[0035] Fig. 2 shows an alternative embodiment of a 
fire extinguishing apparatus useful with the composition 
of the invention. In this exemplary errtbodiment, the 
apparatus 30 includes a gas generator 32 containing 
the propeliant component 35 of the chemically active 



fire suppression composition, and a passageway 34 
attached to the bottom 36 of the gas generator 30. This 
passageway 34 is attached to a secondary container 38 
that contains a bed 40 that includes the chemical fire 

5 suppression component, as well as optional ingredients 
such as one or more coolants. 
[0036] An electric initiator 42 is attached to the top of 
the gas generator 32 to ignite the propeliant component 
35 when a fire is detected. After ignition, the propeliant 

10 component 35 generates hot, physically-acting fire sup- 
pressive gases that build pressure within the gas gener- 
ator 32. The built-up pressure breaks a seal 42 
positioned over the passageway 34, and permits the 
hot, physically-acting fire suppressive gases to pass 

is through the passageway 34 and enter the secondary 
container 38. Once inside the secondary container 36, 
the hot, physically-acting fire suppressive gases volatil- 
ize the chemical fire suppression component and any 
optional coolants to produce a combination of physi- 

20 cally-acting fire suppressive gases and chemically-act- 
ing fire suppressive gases. The coolant keeps the hot 
gases within a specified temperature range, preferably 
1500°F or lower. The pressure of the chemically acting 
fire suppressive gases raises the total pressure within 

25 the secondary container 38 and causes a secondary 
seal 44 to break, thereby releasing the combination of 
physically-acting and chemically-acting fires suppres- 
sive gases through the outlet 46 and onto the fire. 
[0037] The combination of physically acting fire sup- 

30 pression agents and chemically acting, environmentally 
innocuous fire suppression agents results in a highly 
effective, environmentally innocuous fire extinguishing 
composition that has low ozone depletion potential 
(ODP), low global warming potential (GWP), and high 

35 suppression efficiency. 

[0038] The invention is further described by the follow- 
ing Examples, but is not intended to be limited by the 
Examples. All parts and percentages are by weight and 
all temperatures are in degrees Celsius unless explicitly 

40 stated otherwise. 

EXAMPLES 

[0039] Comparison testing of purely physical agents, 
45 e.g. nitrogen gas, and mixed physical/chemical agents, 
e.g. nitrogen gas with potassium iodide (Kf) indicate that 
their combination can lead to improved efficiency in fire 
suppression. Significant reductions in the amount of 
nitrogen needed for extinction can be achieved if Kl is 
so added to the nitrogen feed stream. Likewise, by using 
inert gases like nitrogen rather than air entrainment for 
delivery; significant reductions can be achieved in the 
amount of Kl necessary for flame extinction. 

55 EXAMPLE 1 

[0040] A quantity of fine particle size potassium iodide 
(Kl) was prepared by grinding in a bail mill. Varying 
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ratios of powdered KI/N2 and were delivered into the air- 
stream of a turbulent spray burner in order to determine 
lower limits for flame extinction. A total of 0.65 g of N2 
were required to extinguish a fire. Adding 0.1 g Kl to the 
N 2 stream reduced the required N 2 to 0.2 g for flame 
extinction. Thus, a combination of a physically-acting 
fire suppressant and chemically-acting fire suppressant 
is over 50% more efficient than a physically-acting fire 
suppressant alone. 

E XAM P LE 2 

[0041 J A mixture 1 7.2 g 5-aminotetrazole (5-AT), 30.0 
g strontium nitrate (SrfNO^J and 16.0 g magnesium 
carbonate (MgCO^ was blended in a ball mill to pro- 
duce a homogenous mixture of uniformly sized parti- 
cles. To this mixture was added a 21.3 g of finely 
powdered potassium iodide (Kl) and the combination 
was thoroughly mixed in the ball mill. Portions of the 
resulting material were compression molded at approx- 
imately 8500 pounds force to form pellets of approxi- 
mately one-half inch in diameter, one-half inch in length 
and 3 g mass. The pellets made as described above 
were coated on the sides with an epoxy-titanium oxide 
inhibitor to prevent burning along the sides. The burning 
rate of the pellets was evaluated by measuring the time 
required to burn a cylindrical pellet of known length. The 
burning rate of this composition was approximately 0.51 
in/sec at 1000 psi. 

[0042] This composition yielded approximately 42 g 
inert gas and 21 g KI/100 g, with a calculated adiabatic 
flame temperature of 1446 K. Fire suppression testing 
of this material indicated that 0.6 g of propellant was 
required for extinction of a turbulent spray flame. 

EXAMPLE 3 

[0043] A mixture of 20.1 wt% 5-aminotetrazole, 35.1 
wt% strontium nitrate, 36.8 wt% magnesium carbonate 
and 8 wt% potassium iodide was blended in a ball mill to 
produce a homogenous mixture of particles. Portions of 
the resulting material were compression molded at 
approximately 8500 pounds of force to form pellets of 
approximately one-half inch in diameter, one-half inch in 
length, and 3 g mass. The pellets made as described 
above were coated on the sides with epoxy-titanium 
oxide inhibitor to prevent burning along the sides. The 
burning rate was evaluated by measuring the time 
required to burn a cylindrical pellet of known length. Tur- 
bulent spray flame evaluation showed that this material 
yielded an enhancement of 33% in fire suppression effi- 
ciency over an analogous composition without potas- 
sium iodide. 

[0044] While the invention has been described in com- 
bination with embodiments thereof, it is evident that 
many alternatives, modifications and variations will be 
apparent to those skilled in the art in light of the forego- 
ing description. Accordingly, it is intended to embrace all 



such alternatives, modifications and variations as fall 
within the spirit and broad scope of the appended 
claims. 



1 . A chemically active fire suppression composition, 
characterized by: 

10 a propellant comprising a fuel and an oxidizer, 

said propellant capable of generating inert gas; 
and 

an environmentally innocuous chemical fire 
suppressant capable of generating fire sup- 
15 pressive reactive species. 

2. The fire suppression composition of claim 1, char- 
acterized in that said fuel is selected from the group 
consisting of 5-aminotetrazole or a salt thereof, 

20 bitetrazole or salts thereof, diazoaminotetrazole or 
salts thereof, diazotetrazole dimer or salts thereof, 
guanidine nitrate, aminoguanidine nitrates, nitro- 
guanidine, 5-nitro-1,2,4-triazoI-3-one, triaminogua- 
nidinium, diaminoguanidinium, and combinations 

2$ thereof. 

3. The fire suppression composition of claim 1 or 2, 
characterized in that said oxidizer is selected from 
the group consisting of alkali metal nitrates, alkaline 

30 earth nitrates, phase stabilized ammonium nitrates, 
perchlorates, iodates, bromates, and combinations 
thereof. 

4. The fire suppression composition of any one of 
35 claims 1 to 3, characterized in that said environ- 
mentally innocuous chemical fire suppressant is 
selected from the group consisting of potassium 
iodide, potassium bromide, sodium chloride, lithium 
chloride, potassium iodate, potassium nitrate, 

40 potassium bromate, sodium nitrate, lithium perchlo- 
rate, ammonium nitrate phase-stabilized with 
potassium nitrate (AN/KN), alkali bromides, alkali 
borates, alkali sulfates, and combinations thereof. 

45 5. The fire suppression composition of any one of 
claims 1 to 4, characterized in that said fuel com- 
prises from about 5 to about 50% by weight of said 
composition. 

so 6. The fire suppression composition of claim 5, char- 
acterized in that said fuel comprises from about 10 
to about 35% by weight of said composition. 

7. The fire suppression composition of any one of 
55 daims 1 to 6, characterized in that said oxidizer 
comprises from about 20 to about 90% by weight of 
said composition. 
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8. The fire suppression composition of claim 7, char- 
acterized in that said oxidizer comprises from about 
25 to about 50% by weight of said composition. 

9. The fire suppression composition of any one of 
claims 1 to 8. characterized in that said environ- 
mentally innocuous chemical fire suppressant com- 
prises from about 5 to about 40% by weight of said 
composition. 

10. The fire suppression composition of any one of 
claims 1 to 9, characterized in that said inert gas 
comprises water, carbon dioxide, and nitrogen. 

11. The fire suppression composition of any one of 
claims 1 to 10, characterized in that said fire sup- 
pressive reactive species is an atomic radical. 

12. The fire suppression composition of any one of 
claims 1 to 11, further characterized by an addi- 
tional ingredient selected from the group consisting 
of coolants, hinders, and combinations thereof. 

13. The fire suppression composition of claim 12, char- 
acterized in that said coolant is MgC0 3 . 

14. An apparatus for suppressing afire (10), character- 
ized by: 

a gas generator (12) containing the chemically 
active fire suppression composition of arty one 
of claims 1 to 13 (16); and 
a passageway (14) between said gas genera- 
tor (12) and said fire. 

15. A chemically active fire suppression composition, 
characterized by: 

a propellant comprising a fuel and an oxidizer, 
said fuel comprising from about 10 to about 
50% by weight of said composition, said oxi- 
dizer comprising from about 20 to about 90% 
by weight of said composition, said propellant 
capable of generating inert gas; and 
an environmentally innocuous chemical fire 
suppressant capable of generating fire sup- 
pressive reactive species, said environmentally 
innoucuous chemical fire suppressant selected 
from the group consisting of potassium iodide, 
potassium bromide, sodium chloride, lithium 
chloride, potassium iodate, potassium nitrate, 
potassium bromate, sodium nitrate, lithium per- 
chiorate, ammonium nitrate phase-stabilized 
with potassium nitrate (AN/KN), alkali bro- 
mides, alkali borates, alkali sulfates, and com- 
binations thereof, said chemical fire 
suppressant comprising from about 5 to about 
40% by weight of the total composition. 



16. The fire suppression composition of claim 15, char- 
acterized in that said fuel is selected from the group 
consisting of 5-aminotetrazole or salts thereof, 
bitetrazole or salts thereof, diazoaminotetrazoie or 

5 salts thereof, diazotetrazole dimer or salts thereof, 
guanidine nitrate, aminoguanidine nitrates, nitro- 
guantdine, 5-nitro-1 ,2,4-triazol-3-one, triarrrinogua- 
nidinium, diaminoguanidinium, and combinations 
thereof. 

10 

17. The fire suppression composition of daim 15 or 16, 
characterized in that said oxidizer selected from the 
group consisting of alkali metal nitrates, alkaline 
earth nitrates, phase stabilized ammonium nitrates, 

is perchlorates, iodates, bromates, and combinations 
thereof. 

1a The fire suppression composition of any one of 
claims 15 to 17, further characterized by an addi- 
20 ttonal ingredient selected from the group consisting 
of coolant, binders, and combinations thereof. 

19. The fire suppression composition of claim 18, char- 
acterized in that said coolant is MgCC^. 

25 

20. An apparatus for suppressing a fire, characterized 
by: 

a gas generator containing the chemically 
30 active fire suppression composition of any one 

of claims 15 to 19; and 

a passageway between said gas generator and 
said fire. 

35 21 . An apparatus for suppressing a fire (30), character- 
ized by: 

(a) a first container (32) containing a propellant 
(35) comprising a fuel and an oxidizer, said fuel 
40 comprising from about 10 to about 50% by 

weight of said composition, said oxidizer com- 
prising from about 20 to about 90% by weight 
of said composition, said propellant capable of 
generating inert gas; 
45 (b) a second container (38) connected to said 

first container (32) by a passageway (34), said 
second container (38) containing a coolant and 
an environmentally innocuous chemical fire 
suppressant capable of generating fire sup- 
so pressive reactive species, said environmentally 
innoucuous chemical fire suppressant selected 
from the group consisting of potassium iodide, 
potassium bromide, sodium chloride, lithium 
chloride, potassium iodate, potassium nitrate, 
55 potassium bromate, sodium nitrate, lithium per- 
chtorate, ammonium nitrate phase-stabilized 
with potassium nitrate (AN/KN), alkali bro- 
mides, alkali borates, alkali sulfates, and com- 
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binations thereof, said chemical fire 
suppressant comprising from about 5 to about 
40% by weight of the total composition; and 
(c) an outlet (46) between said second con- 
tainer (38)and said fire. s 

22. The apparatus of claim 21, characterized in that 
said fuel is selected from the group consisting of 5- 
aminotetrazole or salts thereof, bitetrazole or salts 
thereof, diazoaminotetrazole or salts thereof, diazo- 10 
tetrazole dimer or salts thereof, guanidine nitrate, 
aminoguanidine nitrates, nitroguanidine, 5-nitro- 
1,2,4-triazol-3-one, triaminoguanidinium, diamino- 
guanidinium, and combinations thereof. 

is 

23. The apparatus of claim 21 or 22, characterized in 
that said oxidizer is selected from the group consist- 
ing of alkali metal nitrates, alkaline earth nitrates, 
phase stabilized ammonium nitrates, perchlorates, 
iodates, bromates, and combinations thereof. 20 

24. The apparatus of any one of claims 21 to 23, char- 
acterized in that said chemically active f ire suppres- 
sion composition further comprises a coolant 

25 

25. The apparatus of any one of claims 21 to 24, char- 
acterized in that said second container further com- 
prising a coolant. 

26. Trie apparatus of claim 25, characterized in that 30 
said coolant is MgC0 3 . 
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